A pproximately 50% of older adults who sustain a hip fracture experience functional decline and become increasingly unable to perform activities of daily living (ADLs). 1, 2 The sequelae of hip fracture are often so debilitating that up to 20% of older adults with hip fracture will be placed in institutionalized care 3 months after hospital discharge. 3 Rehabilitation interventions aim to improve function and mobility in individuals who have sustained a hip fracture, 4 but individuals with cognitive impairment are often excluded from participating in active inpatient rehabilitation. 5 The Patient Centered Rehabilitation Model of Care targeting persons with cognitive impairment (PCRM-CI) was developed and implemented as an interdisciplinary intervention to educate and mentor staff on an active rehabilitation unit to provide person-centered interventions targeting older adults with complex medical conditions, particularly those with cognitive impairment. 6 Enrolled staff were provided with specialized education and supplementary support to care for older persons with comorbidities, including cognitive impairment secondary to dementia or delirium. Evaluation of the PCRM-CI revealed that individuals with cognitive impairment in the intervention group were more likely than those in the control group to be discharged home irrespective of the presence of cognitive impairment. 6 Recent studies provide conflicting evidence regarding the factors that influence recovery in older adults with hip fracture after discharge from inpatient rehabilitation. Factors such as prefracture cognitive and functional status, 7, 8 cognitive impairment, [9] [10] [11] [12] [13] [14] [15] [16] age, 17 sex, [18] [19] [20] medical co morbidities, 21 and pain 22 have been found to influence recovery, function, and mobility outcomes over time in older adults after hip fracture, 12, [14] [15] [16] yet two systematic reviews indicated that individuals with cognitive impairment made gains that were similar to those of individuals without cognitive impairment. 16, 23 Albeit informative, these studies were unclear as to how many individuals with complex needs were offered active rehabilitation, the type and approaches used during rehabilitation, and the extent to which inpatient care influenced long-term outcomes. Given the inconsistency of extant evidence, the potential and relative effect of predictors of recovery in older adults after hip fracture is unclear. Addressing this knowledge gap is a necessary first step in increasing understanding of the factors influencing decline in this complex and vulnerable population, which will inform management considerations in determining treatments appropriate for older adult recovery after discharge.
The purpose of this study was to determine the contribution of the severity of cognitive impairment, level of prefracture functional impairment, and treatment in the PCRM-CI as predictors of functional status and mobility 6 months after discharge from rehabilitation for older adults with hip fracture. Based on the literature, it was hypothesized that prefracture functional impairment and cognitive impairment would affect outcomes after discharge from rehabilitation.
METHODS

Participants and Setting
This was a prospective 6-month postdischarge follow-up evaluation of participants initially enrolled in a study comparing the PCRM-CI with usual care. 6 The PCRM-CI protocol and results to time of discharge from inpatient rehabilitation have been described in detail. 6, 24 Inclusion criteria were aged 65 and older, had undergone surgery for hip fracture, admitted to inpatient rehabilitation directly from an acute care hospital, living in the community in a private home or residential setting (that did not provide 24-hour nursing care) at the time of the hip fracture, English speaking, and had a collateral informant (family member or close friend) who was familiar with the individual's prefracture condition. Individuals with a previous hip fracture, pathological hip fracture, or hip fracture associated with multiple traumas were excluded. Recruitment took place at two inpatient rehabilitation units in two community hospitals in Ontario, Canada. The institutional ethics review boards at the research sites approved this study.
Explanatory Variables
Participant Characteristics
Personal characteristics such as age, sex, marital status, and education level as a proxy for socioeconomic status were collected at admission. 25 
Participant Health Status
Cognitive function was measured at admission and discharge using the Mini-Mental State Examination (MMSE). 26, 27 Participants were classified into three cognitive groups depending on their score: severe impairment (<15), mild to moderate impairment (15) (16) (17) (18) (19) (20) (21) (22) (23) , and no impairment (≥24). 28 MMSE score at discharge was used to better understand the influence of cognitive impairment on recovery after discharge. Residual delirium was not excluded when the MMSE was administered. Cognitive function 1 year before the hip fracture was estimated using the Informant Questionnaire on Cognitive Decline in the Elderly (IQCODE), 29 but these data were not used because the IQCODE was highly correlated with MMSE at discharge. Comorbidities and prefracture functional status were measured using the Older American Resources and Service Instrument (OARS) upon admission. Pain status was measured using the Pain Reported Scale, 30 and use of a gait aid (wheelchair, walker, cane) was documented at admission and discharge.
Outcome Variables
A research assistant who was a registered nurse on the rehabilitation unit collected data at the time of discharge. Three and 6 months after discharge, the nurse conducted telephone interviews with participants' collateral informants to collect follow up data.
Independence in ADLs
The self-care functions of older adults with hip fractures are likely to be affected during physical recovery. The selfcare items of the Functional Independence Measure (FIMS) were used to monitor changes in eating, grooming, bathing, dressing, toileting, and continence. This tool has been used in individuals with cognitive impairment after hip fracture to measure their independence in ADLs. 31 
Functional Mobility
Because hip fracture affects the lower extremities, specifically locomotion and transferring abilities, the study focused on the mobility items of the Functional Independence Measure (FIMM). This subscale measures the ability to walk, climb stairs, transfer in and out of bed, toilet, and bathe. The FIMM has well-established reliability and validity. [32] [33] [34] 
Environmental Mobility
The New Mobility Score (NMS) was used to evaluate environmental mobility and captures the influence of environmental factors that individuals encounter in the community on their mobility. 35 The NMS is a composite score of the individual's ability to walk indoors, walk outdoors, and shop. 35 
Analyses
The predictors of longitudinal change in outcomes during the first 6 months after discharge were analyzed using multilevel mixed-effects multivariate regression in which within-individual errors were considered to have an autoregressive structure of order 1 from discharge through 6 months after discharge. Multilevel models were needed because each outcome was measured repeatedly on the same participant over time. Level 1 units were the repeated measures for each participant, and the Level 2 unit was the participant. Participants were treated as a Level 2 random effect. Participant characteristics, participant health status variables, participant impairment, and whether the PCRM-CI intervention or usual care was received during rehabilitation were each treated as Level 2 fixed effects. The influence of the intervention over the postdischarge period was evaluated by testing the interaction of the intervention with each measurement time. The influence of cognitive impairment over the postdischarge period was evaluated by testing the interaction of each level of cognitive impairment with each measurement time. The influence of prefracture functional impairment over the postdischarge period was evaluated by testing the interaction of the impairment with each measurement time. It was possible to use all available data in the regressions while accounting for missing values, which was an advantage of this analysis plan because data were incomplete for 18 participants who died during the 6-month postdischarge study period.
RESULTS
Characteristics of the study sample are shown in Table 1 according to level of cognitive impairment. Seventy-seven percent of participants were female, 41% were married, 50% were living with another person, 16% had a diagnosis of dementia, 83% had three or more chronic conditions, and 68% had a history of falls. Average MMSE score at the time of discharge was 25.5 AE 4.6; 76% had no cognitive impairment, 17% mild to moderate cognitive impairment, and 7% severe cognitive impairment. Figure 1 details the number of participants in the study from admission to rehabilitation through the 6-month period after discharge and loss of follow-up due to participant death. The sample for the analysis was a subset of the 133 participants (90% of participants) for whom MMSE scores at discharge were available, and the results are based on this sample. Figure 1 includes the 12 participants missing MMSE scores at discharge that were excluded from the analysis where it was required. At the beginning of the postdischarge period, the study included 70 participants who had received PCRM-CI care and 75 who had received usual care. In the first 3 months after Age, n (%) 64-74 33 (25) 26 (26) discharge, four participants from the usual care group and five from the PCRM-CI group died. Between 3 and 6 months after discharge, two participants each from the PCRM-CI group and the usual care group died, leaving 63 PCRM-CI participants and 69 usual care participants at 6 months after discharge. Table 2 shows mean FIMM, FIMS, and NMS scores at admission; at discharge from inpatient rehabilitation; and at 3-and 6-month follow-up for all participants, categorized according to level of cognitive impairment. In general, participants with no cognitive impairment were discharged with higher FIMS, FIMM, and NMS scores than those with cognitive impairment. Mobility and independence in ADLs for participants with no cognitive impairment increased during the first 3 months after discharge and less so during the subsequent 3 months. Table 3 compares the multilevel mixed-effects multivariate regression results for outcomes 3 and 6 months after discharge with those at discharge. Participants with mild to moderate cognitive impairment at discharge had discharge FIMS, FIMM, and NMS scores similar to those of participants with no cognitive impairment, although participants with mild to moderate cognitive impairment improved less after discharge in FIMS and FIMM than those with no cognitive impairment. In contrast, participants with severe cognitive impairment were discharged with lower FIMS and FIMM scores than participants with no cognitive impairment, but FIMS, FIMM, and NMS scores improved after discharge at least as much as they improved for participants with no cognitive impairment. 
Influence of Cognitive Impairment Severity on Outcomes
Influence of Prefracture Functional Impairment on Outcomes
The influence of prefracture functional impairment (OARS) on outcomes was investigated. Table 3 illustrates that FIMM and NMS scores but not FIMS scores were lower from discharge to 6 months after discharge in those with prefracture functional impairment. Further postdischarge changes in each of the outcomes were inversely related to levels of functional impairment to the extent that participants with mild, moderate, and greater levels of prefracture functional impairment experienced declines in all three outcomes after discharge.
Influence of Prefracture Functional Impairment and Cognitive Impairment on Outcomes
Prefracture functional impairment and cognitive impairment often influence outcomes, so the relationship between the two was explored by focusing on the patterns of recovery in the three outcomes (independence in ADLs, functional mobility, environmental mobility) from admission to 6 months after discharge from rehabilitation. Figure 2 illustrates the relative contributions of prefracture functional impairment and cognitive impairment by adjusting values to control for the influence of prefracture functional impairment. The trajectories with the black markers depict the unadjusted changes (combined effect of cognitive impairment and prefracture impairment) of FIMS, FIMM, and NMS scores, and the trajectories with white markers depict their adjusted changes (removed effect of prefracture functional impairment) to illustrate the influence of cognitive impairment alone. Comparing the two sets of trajectories, Figure 2 shows that functional impairment was much more strongly associated with poor functional and environmental mobility than was cognitive impairment. After accounting for prefracture functional impairment, level of mobility as measured using the NMS and its change after discharge did not differ between cognitive impairment categories (i.e., the adjusted trajectories are remarkably similar) (Figure 2a ). Mobility as measured using FIMM showed a similar pattern (Figure 2b) . In contrast, cognitive impairment and prefracture functional impairment contributed to independence in ADLs (Figure 2c ), indicating that prefracture functional impairment was more strongly associated with poor mobility outcomes than cognitive impairment. Table 3 shows that NMS scores improved significantly more in the PCRM-CI group than in the usual care group from discharge to 6 months after discharge. PCRM-CI participants were more likely to be able walk outdoors at 3 and 6 months, although similar results were not seen for functional mobility (P = .65) or independence in ADLs (P = .62). Regression analyses that included the interaction of PCRM-CI with time found that no postdischarge longitudinal changes in any of the outcomes differed significantly between the PCRM-CI and usual care groups. These interactions were therefore not included in the regression analyses reported here.
Influence of PCRM-CI Intervention and Usual Care on Outcomes
Influence of Variables Related to Health Status at Discharge on Outcomes
The analysis also showed that participants requiring a wheelchair at discharge had significantly worse postdischarge outcomes than those who did not. Greater pain reported at discharge was also associated with poorer recovery after discharge (Table 3) .
DISCUSSION
Prefracture functional impairment was more strongly associated with poor function and mobility outcomes than was cognitive impairment in older adults with hip fracture. Prefracture functional impairment was associated with poorer outcome scores and lower rates of improvements through the 6-month follow-up period after discharge. These findings also suggest different recovery trends over time for participants based on their level of cognitive impairment, prefracture functional status, pain status, and use of a wheelchair at the time of discharge from rehabilitation and When combining individuals from the usual care and intervention groups to determine factors influencing outcomes for all participants, consistent with findings from the intervention cohort, individuals with mild to moderate Average effect on outcome from discharge to 6 months after discharge Participant characteristics Age -0.01 (-0.14-0. Mild to moderate cognitive impairment 9 6 months after discharge cognitive impairment did not improve their functional mobility as much as those with no cognitive impairment. Participants with severe cognitive impairment had less independence in ADLs and functional mobility than those with mild to moderate cognitive impairment. The results indicate that regardless of the severity of their cognitive impairment, the discharge scores of all participants with cognitive impairment in independence of ADLs and functional mobility remained almost identical 6 months after discharge from rehabilitation as they were 3 months earlier. The findings of this study indicate that, if inpatient rehabilitation benefits are to persist after discharge, there is a need for rehabilitation interventions deliverable in the home and customized to the individual. The results show that functional and environmental mobility improve over time, whereas independence in ADL recovery patterns have a comparatively distinct trajectory, with less improvement over time. Although other studies have found cognitive impairment to be a predictor of decline, 12, 36 the current findings show that prefracture functional impairment is the main predictor of decline. If persons have severe cognitive impairment and low levels of prefracture functional impairment, they tend to recover. The focus of concern for clinicians needs to be on older adults with higher levels of functional impairment rather than those with cognitive impairment after a hip fracture. Therefore, the results present preliminary evidence that persons with various levels of cognitive impairment can benefit from inpatient rehabilitation and have some long-term effects and thus should be provided access to care.
Prefracture functional impairment was the most significant predictor of decline in independence in ADLs and in mobility. The finding that prefracture functional status is an important predictor of functional recovery in older adults with hip fracture is consistent with previous work. [37] [38] [39] A previous study found that prefracture mobility and ability to perform ADLs independently predicted mortality and preserved walking ability at 4 months after discharge and absolute FIM gain. 39 This finding is of concern given the recent evidence of increased incidence of comorbidities among hip fracture patients. 40 This may influence prefracture functional status, which in turn may put individuals at increased risk for poor outcomes after discharge from inpatient rehabilitation. 41 Finally, although there is evidence to suggest that pre-hip fracture status is more important than cognitive impairment for the prediction of regaining functional mobility after rehabilitation, both of these variables have been identified as important predictors of regaining functional independence. 39, 42, 43 Both should therefore be assessed in persons receiving rehabilitation after hip fracture. For persons with hip fracture, an evidence-based community or home-based intervention targeting those with cognitive impairment or prefracture functional impairment is the next important step in the clinical pathway for this vulnerable population. Based on the current study results, outpatient rehabilitation interventions may need to consider ways to provide more assistance to support ADL independence when persons with cognitive impairment are discharged from inpatient rehabilitation rather than a sole focus on maintaining their mobility. Further investigation is required to understand how family caregivers are managing the burden of care placed on them of caring for persons with cognitive impairment while trying to keep them as independent as possible. These findings support that rehabilitation in the PCRM-CI was effective in improving independence in environmental mobility over the postdischarge period, although no benefit was seen for the PCRM-CI care group in postdischarge ADL independence or functional mobility. The results also indicate that pain is an important predictor of outcomes in older adults after hip fracture. It has been report that pain control has been poorly managed in older adults with hip fracture, 44 especially in those with cognitive impairment. The results of this study show that a high pain rating score at discharge is significantly associated with lower independence in ADLs and functional mobility at discharge. The latter is consistent with findings that participants who report higher levels of pain after surgery and during rehabilitation are slower to mobilize after hip fracture. 22, 45 These results suggest a need for specific strategies for pain assessment and management during rehabilitation for individuals with cognitive impairment, especially just before discharge, and with more postdischarge follow-up to monitor and alleviate pain.
Study Limitations
This study has several potential limitations. The sample size was small, particularly the number of participants with low MMSE scores, which may have affected the ability to detect some independent predictors of outcomes and differences between various subgroups. Another limitation is that the amount of rehabilitation therapy delivered after discharge was not monitored, so this could not be accounted for in the analyses. Despite these limitations, the results of this study contribute to understanding of the predictors of long-term outcomes in persons with hip fracture and the need to provide postrehabilitation care for vulnerable individuals.
CONCLUSIONS
Many variables influence long-term recovery from rehabilitation for older adults with hip fracture. Older adults with prefracture functional impairment entering inpatient rehabilitation, as well as individuals with severe cognitive impairment, are at risk of poor long-term outcomes and may require additional interventions after discharge from inpatient rehabilitation.
